Recruitment of primordial follicles is essential for female fertility. Some of the intraovarian growth factors involved in the initiation of primordial follicle growth have been identified, but the exact mechanisms regulating follicle activation are poorly understood. Strong evidence indicates that vasoactive intestinal peptide (VIP), a neuropeptide found in ovarian nerves, plays a role in the physiology of follicle development and function. The aim of the present study was to determine whether VIP might regulate the activation and growth of neonatal rat primordial follicles in an in vitro culture system. Ovaries from 4-day-old rats were cultured for 14 days in medium containing 10 À7 M VIP. At the end of the culture, the developmental stages and viability of the follicles were evaluated using histological sections. Immunohistochemistry studies for proliferating cell nuclear antigen (PCNA) were performed to assess the mitotic activity of granulosa cells. In addition, the expression level of kit ligand (KL) mRNA was examined after culture. Histology showed that primordial follicles could survive and start to grow in vitro. The proportion of primordial follicles was decreased and the proportion of early primary follicles increased after in vitro culture with VIP. Immunolocalization of PCNA showed that follicle growth was initiated after VIP treatment. The expression level of KL mRNA was increased in the VIP treatment group. Thus, VIP can promote primordial follicle development, possibly mediated in part through upregulating the expression of KL.
INTRODUCTION
Ovarian preservation is now seen as an important issue for the quality of life of women who are facing fertility-threatening diseases or treatments, and primordial follicles represent the most abundant population of germ cells in the ovary [1] . It has long been recognized that utilizing oocytes from primordial follicles for in vitro growth and subsequent in vitro maturation could enhance the efficiency and efficacy of assisted reproduction programs. The induction of primordial follicles to develop and grow (initiation of folliculogenesis) is a fundamental process in ovarian biology and is essential for female reproduction [2] . The collection and culture of primordial and primary follicles in vitro to produce meiotically competent, fully mature oocytes would significantly expand the number of follicles available for future use.
Successful oocyte maturation, fertilization, and embryonic development depend on correct, coordinated growth and development of the ovarian follicle [3] . Until now, the in vitro culture of primordial/primary follicles has been hampered by our poor knowledge regarding the complex interactions of the multiple signals needed to support early follicle growth and selection into the growing follicle pool. Recent advances suggest that besides being influenced by gonadotropins, follicles are also influenced by intra-and extraovarian factors. Most studies clearly show that pituitary hormones are not necessary for the initiation of primordial follicle growth [4] . The ovary, in addition to its endocrine and intraovarian control, is regulated by direct neural inputs of peptidergic nature [5] . Vasoactive intestinal peptide (VIP) was originally isolated from the small intestine and lung tissues as a peptide and appears to play an important role in the complex physiology of follicle development and functions. Previous analyses have demonstrated a direct action of this peptide on follicles. Thus, VIP is involved in cAMP accumulation [6, 7] , regulation of steroidogenesis [8] , and oocyte maturation [9] . Moreover, VIP contributes to the survival of granulosa cells by inhibiting apoptosis in preovulatory follicles [10] . VIP immunoreactivity has also been observed around primordial and small preantral follicles as well as in the theca layers of developing follicles, which thus points to an additional role of this peptide in the regulation of early folliculogenesis [11] . Another study indicated that this peptide might play a role in the local regulation of preantral follicle growth [12] . These results suggested that ovarian nerves, acting via neurotransmitter VIP coupled to the cAMP generating system, might contribute to follicular differentiation.
One possibility to consider is that VIP might play a role in the local regulation of the initial primordial follicle growth occurring before gonadotropins act in the ovary. The present study was designed to investigate the potential regulatory role of VIP in the development of primordial follicles in vitro. Studies suggest that this development is coordinated primarily by locally produced regulatory factors from the developing granulosa cell/oocyte unit and the immediately surrounding stroma. Kit ligand (KL) has been shown to be essential for primordial follicle activation [13, 14] . In the present study, KL was used as a stimulator of follicle development because of its close relationship with the initiation of primordial follicle development. In our system, whole neonatal rat ovaries were cultured for 14 days to evaluate early follicle growth and development. The hypothesis to be tested was that VIP is involved in regulating primordial follicle activation. Therefore, neonatal rat ovaries were cultured in the presence and absence of VIP to test for an effect on follicle growth. Follicle growth was assessed by histology and by immunohistochemistry for proliferating cell nuclear antigen (PCNA). Understanding the mechanisms of primordial follicle activation and growth in this rat model could give insights regarding how the recruitment of primordial follicles is regulated in the human ovary.
MATERIALS AND METHODS

Source of Ovaries
Four-day-old female Sprague Dawley rats were purchased from the Center of Experimental Animals, School of Pharmaceutical Sciences, Sun Yat-sen University. They were housed under controlled conditions of temperature (23-258C) and photoperiod (14L:10D) and given free access to food and tap water. Ovaries were collected from these rats following euthanasia by cervical dislocation.
The animal use protocol was reviewed and approved by the Institutional Animal Care and Use Committee of Sun Yat-sen University.
Experimental Protocol
Ovaries were dissected from freshly euthanized 4-day-old rat pups under aseptic conditions and washed extensively in sterile warmed PBS and then in culture medium (see below). Whole ovaries were distributed randomly to four groups: a fresh group (freshly dissected 4-day-old ovaries), a basic basal culture group, a VIP treatment group (10 À7 M), and a KL treatment group (50 ng/ml). After 14 days, the ovaries were fixed in buffered 10% formaldehyde and prepared for histology and immunohistochemistry of PCNA to assess the growth of follicles. The expression levels of KL mRNA were determined by real-time polymerase chain reaction (PCR) amplification after the ovaries had been incubated for 72 h in the presence or absence of VIP.
In Vitro Culture
In the present study, a culture system established for use with neonatal rat ovaries was applied as described previously [13, [15] [16] [17] with some modifications. Briefly, whole ovaries were randomly distributed to four groups. Each ovary was placed in a small droplet of medium (;150 ll) using fine forceps under a dissecting microscope, and the volume was adjusted so that the ovary was covered by a very thin film generated by surface tension. Two ovaries in droplets were transferred onto a piece of Millicell-CM filter insert (pore size, 0.4 lm) floating on the culture medium in individual wells of a 24-well culture dish. The culture inserts had been equilibrated previously for 2 h with 300 ll of culture medium. The plates were incubated at 378C under 5% CO 2 in air for 14 days. The medium consisted of a mixture of Dulbecco modified Eagle medium plus F-12 medium (1:1 v:v; Gibco BRL) containing 0.1% bovine serum albumin (Sigma-Aldrich), 0.1% Albumax II (Gibco BRL), 1% ITS-X (effective concentrations: 10 mg/ml of insulin, 5.5 mg/ml of transferrin, and 6.7 ng/ml of sodium selenite; Gibco BRL), 0.05 mg/ml of Lascorbic acid (Sigma-Aldrich), and antibiotics (50 U/ml of penicillin, 50 mg/ml of streptomycin, and 0.125 mg/ml of Fungizone [amphotericin B]; all from Gibco BRL). Before culture, the medium and plates were pre-equilibrated for 60-120 min in a humidified incubator gassed with 5% CO 2 in air at 378C. Every second day, a 300-ll aliquot of the culture medium was replaced with fresh medium.
Histology
Fresh or cultured ovaries were fixed in buffered 10% formaldehyde for 4-24 h and then embedded in paraffin wax for serial sectioning (section thickness, 4 lm). To avoid double counting of follicles, at least 10 sections were discarded before the next was mounted onto the slide, after which staining was performed with hematoxylin and eosin for histology. The two largest cross-sections were selected from each ovary, and cells were analyzed for viability as described by Hovatta [18] . Follicles with pyknotic granulosa cells, eosinophilia of the ooplasm, and clumping of the chromatin material were identified as atretic. Viable follicles were counted and their developmental stages recorded according to the classification described by Oktay [19] (Fig. 1) as primordial or growing follicles, including early primary, primary, transitional, and preantral forms. Primordial follicles are quiescent and consist of an oocyte partially or completely encapsulated by flattened squamous pregranulosa cells.
Early primary follicles have initiated development and contain some cuboidal (enlarged) granulosa cells. A single layer of cuboidal granulosa cells around the oocyte identifies primary follicles. Transitional follicles have one or two layers and preantral follicles more than two layers of cuboidal granulosa cells. Multiple pole-to-pole sections of the ovaries were obtained for analysis. Subsequently, the sections were examined and photographed using a computerdriven image analysis program (Zeiss Axioplan 2) at 2003 magnification under light microscopy to facilitate counting. Follicle counting was performed using the Alpha Innotech software FluorChem SP (http://www.adpsa.co.za/Alpha/ Alpha%20Intro.htm), applying physical dissector counting rules. Briefly, each ovarian section was traced around the tissue boundaries, and a sampling grid was superimposed over the section. Each square of the sampling grid represented a sampled area; the counting frame was moved systematically along the x-and y-axes. Every counted follicle was marked to avoid double counting. Individual healthy follicles with an enclosed oocyte were counted. The number of follicles at each developmental stage was averaged in the two largest cross-sections of each ovary.
PCNA Immunohistochemistry
Some unstained sections of ovaries in the fresh, VIP-treated, and basal culture groups were prepared for PCNA immunohistochemistry. The sections were deparaffinized and rehydrated and then immersed in 3% H 2 O 2 for 5-10 min at room temperature to block endogenous peroxidase activity. After washing, they were incubated in citrate buffer (pH 6) for 2 min at 1208C and in normal goat serum for 10 min at room temperature to inhibit nonspecific binding. Immunostaining was performed by incubation in a 1:200 dilution of the primary antibody (Zhong Shan Company; http://www.zhong-shan.com.hk/ site/zhongshan/english/index.html) for 40 min, followed by washing and incubation in a rabbit anti-human second immunoglobulin G (Zhong Shan Company) at a 1:200 dilution for 40 min at room temperature. For negativecontrol sections, the primary antibody was replaced with PBS. Finally, diaminobenzidine (Zhong Shan Company) was added for 5-15 min at room temperature. After completion of the reactions, the sections were counterstained with hematoxylin.
Real-Time PCR
Real-time PCR was performed on RNA isolated from cultured whole ovaries to determine the levels of KL mRNA expression. Ovaries from 4-dayold rats were placed into culture as described above. Matched pairs of ovaries were separated, with one treated using VIP (10 À7 M) and the other left untreated as a control for 72 h. Six ovaries from three culture wells of the same group were pooled to extract RNA samples. Total RNA was extracted using TRIzol reagent (Invitrogen), and 1-2 mg of total RNA from each sample were reverse-transcribed to cDNA using a standard oligo-dT reverse-transcription protocol in a reaction volume of 20 ll. Each cDNA sample (5 ll) was used as template for real-time PCR analysis. Each sample was run in triplicate. The Platinum SYBR Green qPCR Supermix kit (Invitrogen) was used according to the manufacturer's instructions. The KL primers were 5 0 -CTG TTG CAG CCA GTT CCC TTA-3 0 (forward) and 5 0 -AGT GCC ATT GCT GTC CAT TG-3 0 (reverse). The ribosomal S2 housekeeping reference gene primers were 5 0 -GAC TAC AAT GGC CAC GTT GGT-3 0 (forward) and 5 0 -CAC TGG GAC GAT CGA AAG CT-3 0 (reverse). Real-time PCR was performed on an ABI-7500 real-time machine (Applied Biosystems, Inc.). The protocol was 40 cycles at 938C for 3 min, 938C for 30 sec, and 558C for 45 sec. Fluorescent detection data were analyzed and normalized for KL mRNA levels to S2 mRNA levels. Data are expressed as KL mRNA/S2 mRNA normalized to untreated control values.
Statistical Analysis
Total numbers of viable follicles were analyzed using one-way ANOVA; the proportions of follicles at different developmental stages and PCNApositive follicles were log transformed if Hartley test indicated heterogeneity of variance. Differences among individual means were tested after ANOVA using Duncan multiple-range test. The differences in the levels of KL mRNA were analyzed by paired sample Student t-tests. Significance was assumed at P , 0.05. Data are presented as the mean 6 SEM of nontransformed data.
RESULTS
Ovary Culture and Morphology
Organ culture experiments were performed to investigate the development of ovarian follicles in the cultured ovaries and to determine the effects of VIP on early follicle growth. In the CHEN ET AL. fresh group, the proportions of primordial follicles, early primary follicles, primary follicles, and transitional and preantral follicles were 66.87% 6 7.45%, 25.51% 6 6.01%, 3.43% 6 1.87%, and 4.17 6 1.36%. No antral follicles were observed in this group. Most primordial follicles were located in the cortical part of the ovary, whereas the early growing follicles, including early primary, primary, transitional, and preantral follicles, were mostly found near the central part of the ovary. After 14 days of culture, ovaries appeared to be viable without necrosis and contained many viable follicles. The number of viable follicles at different developmental stages was counted in each ovary after 14 days of culture (Table 1) . No significant differences were found in the total number of viable follicles between groups (Fig. 2) . The control group under basal culture conditions showed a small but significant reduction in the percentage of primordial follicles per section and a coupled increase in the percentage of early primary follicles as determined by one-way ANOVA. No significant differences were observed in the percentages of primary, transitional, or preantral follicles.
To investigate the effect of VIP on the development of primordial follicles, ovaries from 4-day-old rats were placed 
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into culture and treated with VIP (10 À7 M) or KL (50 ng/ml; positive controls) or left untreated (negative controls). In a previous study [20] , we evaluated the effect of increasing concentrations of VIP (from 10 À9 to 10 À6 M) on the growth of early follicles in cultured fetal ovaries. At 10 À7 M, VIP showed a significant promotion of the growth of early follicles and reduction of the rate of occurrence of abnormal cells in folliculogenesis [20] . After 14 days of culture, the ovaries were fixed, sectioned, and stained for morphological evaluation. Compared with the fresh group, the mean proportion of primordial follicles was reduced significantly in all treatments tested, with an increase in the proportion of developing follicles compared with fresh ovaries. In fresh ovaries, the proportion of primordial follicles was 66.87% 6 7.45%, whereas after 14 days of culture, it had decreased significantly in the control group to 54.75% 6 10.97%. The proportions of primordial follicles in the VIP and KL groups were 36.82% 6 4.69% and 34.02% 6 5.44%, significantly lower than in the fresh and control culture groups. Evaluation of every stage of the growing follicles showed that the proportions of early primary follicles in the VIP and KL groups were significantly higher than in the other three groups. At the same time, we occasionally observed primary and transitional follicles located in the outermost part of the ovary in the VIP group; although the proportions of transitional and preantral follicles were slightly higher, the difference showed no statistical significance (Figs. 3 and 4) .
Evaluation of Granulosa Cell Proliferation Using PCNA Immunohistochemistry
Immunocytochemistry for PCNA was performed to further validate the ovary culture system and the response to VIP. Expression of PCNA was generally absent in primordial follicles. Immunoreactivity was present in some oocytes but was not localized in granulosa cells until the early primary follicle stage. After 14 days of culture, PCNA expression was intense in the oocyte and granulosa cells of growing follicles. PCNA expression was generally attenuated or absent in the atretic follicles. The staining was completely absent when the primary antibody was replaced with PBS ( Fig. 5) . Follicles with at least one PCNA-positive granulosa cell were called PCNA positive. The mean percentages of PCNA-positive follicles in the fresh, control, and VIP treatment groups were 34.17% 6 5.02%, 30.78% 6 8.07%, and 48.53% 6 5.45%, respectively. No statistically significant difference was found between the control and fresh groups. The percentage of PCNA-positive follicles in the VIP treatment group was significantly higher than in the other three groups (P , 0.01) (Fig. 6 ).
Evaluation of KL mRNA Expression Using Real-Time PCR1
To assess the signaling pathways used by VIP, real-time PCR was carried out to determine whether VIP regulates KL expression; RNA was isolated from ovaries cultured for 72 h with or without VIP treatment (10 À7 M). Data are expressed as KL mRNA/S2 mRNA normalized to untreated control values. Real-time PCR analysis revealed that KL mRNA was modestly but significantly increased by VIP treatment (P , 0.05), as shown in Figure 7 .
DISCUSSION
Primordial follicles are assembled in the first 2-3 days after birth in the rat ovary. These constitute a pool of quiescent follicles, the main source of gametes during the entire reproductive life of the female [7, 13, 21] . Initiation of primordial follicle growth occurs from the moment that these follicles arise in the ovary. They leave the resting stage progressively and enter the growing stage that will be depleted throughout the reproductive life span of the female [22] . Ovaries of 4-day-old rats contain predominately primordial follicles; the mean percentage of primordial follicles per section in the present study was 66.87%, similar to the results of Parrott et al. [13] . These observations indicate that the sample population used was appropriate for a study model demonstrating the recruitment of primordial follicle growth in vitro.
Studies of rodent ovaries have proved the possibility of development in vitro from the primordial stage to maturity. In vitro culture can be done using a two-step culture system [16, 17] . Initial attempts at primordial follicle growth in vitro focused on the growth of isolated follicles and showed that growth could be supported for 24 h within a collagen gel, but beyond this time, follicles rapidly lost their three-dimensional structure [23] . It is important to avoid the damage caused by follicle harvesting procedures in early follicle culture; an alternative approach that has consistently been attempted for primordial follicle culture in a number of species is to grow these early stages in situ within fragments of the ovarian cortex [4, 18] . Telfer et al. [24] observed that follicles could remain viable and were morphologically normal after 1-3 wk of culture in serum-free medium. Thus, using organ culture, the growth of primordial and primary follicles in vitro can provide key insights regarding early follicle growth and its effects on later oocyte maturation. These studies will help in improving current in vitro follicle culture methods, which ultimately could have clinical applications in the preservation of human fertility. Studies have demonstrated that rodent primordial follicles can initiate growth in vitro in serum-free medium [17, 25] , and this culture strategy can be applied to neonatal rat ovaries containing predominantly primordial and primary follicles to determine their susceptibility to various agents [26, 27] . For this reason, we chose to develop an intact ovary culture system that combined early follicle growth with a set of factors to modulate their growth and development. We observed that neonatal rat primordial follicles could initiate growth in vitro in serum-free medium. After only 14 days of culture, a significant decline was noted in the number of primordial follicles, along with a concomitant increase in the number of early primary follicles. The initiation of primordial follicle growth in the present study was further demonstrated by intensive PCNA expression in the oocyte and granulosa cells of growing follicles.
In the present study, we used a system designed for the culture of the neonatal rat ovary. Whole ovaries from 4-day-old rats, which contained primarily primordial follicles with a few primary and secondary follicles, were cultured to support early stage follicle growth and development. We believe that the cultured ovary acts as an incubator, maintaining normal ovarian structure, intercellular contacts, and architectural support, where the presence of local paracrine and autocrine factors support primordial and primary follicle growth. At the end of 14 days of culture, a decreased proportion of primordial follicles coupled with an increased proportion of growing follicles suggested that approximately 12%-32% of the former entered the growing stage, lower than the percentages of primordial follicles activated in cultures of ovarian cortical fragments reported by Wandji et al. [4] and Hovatta [18] but similar to the results of Eppig and O'Brien [16] with wholeovary cultures. This discrepancy could be explained by the fact that superficial pieces of ovarian cortex-containing mostly primordial follicles-lose inhibitors from a central part that is reserved in the intact ovary and keeps most follicles quiescent. In the present study, primordial follicles were located in the outermost part of the ovarian cortex, whereas growing follicles occupied the inner part of the cortex. Studies in the mouse have demonstrated that estrogen, progesterone, and anti-Müllerian hormone (AMH) can inhibit the activation of primordial follicles in vitro, whereas the main sources of these hormones are granulosa cells in growing follicles present in the inner part of the ovarian cortex [28] . In that respect, the developmental 
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dynamics of the follicles in our culture system was closer to the slow development seen in vivo, giving fewer primordial follicles initiating growth. This suggests that neonatal rat whole-ovary culture with a sizable pool of primordial follicles provides a useful system for the study of factors that might influence the initiation of primordial follicle growth.
Using this system, the hypothesis we tested was that VIP might act as a neuroendocrine growth factor in nerve-ovary interactions to play a role in the regulation of primordial follicle activation. Our observations suggest that VIP treatment stimulated primordial follicle development to the same extent as KL, a known promoter of the primordial-to-primary follicle transition, thus producing a larger percentage of growing follicles for further development in vitro [29] . To our knowledge, previous studies have not examined the role of VIP in primordial follicle development rigorously. Thus, the present study is the first to provide direct evidence that VIP might be sufficient to initiate this process, although previous investigations have also demonstrated that VIP can locally attend the regulation of early follicle development. George and FIG. 5. Immunohistochemistry of PCNA in 4-day-old rat ovaries. PCNA expression was generally absent in primordial follicles with a flattened layer of pregranulosa cells (yellow arrowheads). After 14 days in culture, PCNA expression was intense in the oocyte and granulosa cells of growing follicles. In early primary and primary follicles, granulosa cells were enlarged, and PCNA immunoreactivity began to be detectable (yellow arrows). In transitional follicles and preantral follicles, most granulosa cells displayed PCNA expression (yellow boldfaced arrows). A) Fresh group. B) Control group. C) VIP treatment group. D) PCNA positive control. E) PCNA negative control. Original magnification 3200 (A-E) and 3400 (A1, B1, C1, and C2).
Ojeda [30] observed that the in vitro exposure of 2-day-old rat ovaries to VIP treatment increased the steady-state levels of the mRNAs encoding cytochrome P-450 aromatase (P-450arom) and follicle-stimulating hormone receptors (FSHR) within 8 h, suggesting that VIP is able to act on early follicles. In the present study, neonatal rat ovaries that were cultured for 14 days and treated with VIP contained approximately 36% primordial follicles, 57% early primary and primary follicles, and 5% transitional and preantral follicles per cross-section. The total number of follicles did not change, indicating that VIP treatment induced an increase in primordial follicle development. These data suggest that communication occurs between nerve fibers bordering the selected primordial follicles and the granulosa cells of the primordial follicle. This observation is consistent with the proposition that the first follicles to start growing are those assembled near the ovarian hilum [31] . Because this is also the first region of the rat ovary to be innervated during fetal and neonatal life [32] , it is reasonable to assume that newly formed follicles in this region of the ovary are exposed immediately to VIP released from the invading nerve fibers. The initiation of follicle growth in the mammalian ovary is a gonadotropin-independent phenomenon [4] , and paracrine growth factors have been shown to act locally within the ovary to regulate the activation of primordial follicle growth. Previous results have demonstrated the expression of VIP in the interstitial tissue around primordial and preantral follicles [33, 34] . Furthermore, Vaccari et al. [35] identified VIP receptors in granulosa cells. Thus, VIP is already present in the ovary at the time of folliculogenesis, before the newly formed follicles acquire FSH receptors [36] . Thus, both a temporal and a spatial opportunity seem to exist for the neurotransmitter VIP in acting to influence the initiation and progression of primordial follicle development.
Morphological evaluation of the treated ovaries and PCNA immunostaining indicated that primordial follicles became activated to grow and develop into early primary follicles over 14 days of culture with VIP treatment. However, the mechanism underlying the stimulatory effect of VIP is not yet fully understood. VIP belongs to the secretin-glucagonvasoactive intestinal polypeptide family of peptides [37] . The biological actions of VIP are mediated by two type II G protein-coupled receptors, VIP/pituitary adenylate cyclaseactivating polypeptide (PACAP) receptor 1 (VPAC1) and VIP/PACAP receptor 2 (VPAC2) [38] . The effects of VIP are mediated by the generation of cAMP, the main second messenger. Recent studies have shown that VIP increases cAMP production, which regulates the function of rat granulosa cells in vitro [39] . One presumed molecular target for cAMP action in the ovary appears to be KL itself. Both oocytes and cAMP are able to induce KL synthesis in granulosa cells [40] . This was confirmed with the results of our real-time PCR analysis showing that VIP treatment of ovaries stimulated KL mRNA expression. KL appears to be one of the first factors identified to be involved in the promotion of primordial follicle development. A previous study also demonstrated that KL is necessary and sufficient to induce primordial follicle development and initiate folliculogenesis [13] . Consequently, we hypothesize that VIP might promote follicle growth via activation of c-kit/KL interactions. In addition, Swain and Smith [41] have reported the involvement of a cAMP-dependent signaling mechanism in the maintenance of meiotic arrest, suggesting that VIP can signal through multiple pathways to regulate early follicle development; this awaits further study.
In conclusion, the present study optimized a neonatal rat ovary culture system for the in vitro growth of early follicles. Our system maintained the in vivo microenvironment of the follicle. It provided follicles with architectural support and cellular intercommunication, which we believe facilitated the coordinated growth and differentiation of granulosa cells, theca cells, and oocytes in culture and maintained the potential for early follicle growth. The initial recruitment and growth of primordial follicles is a complex process, involving a multitude of factors with both positive and negative effects, such as KL and AMH [13, 14, 26, 28] ; these data suggest that the ovarian 
expression of VIP can regulate the rate at which primordial follicles leave the resting pool and begin developing. The results from the present experiments indicate that VIP can join the growing list of extracellular signaling factors that regulate the primordial-to-primary follicle transition. These experiments also suggest that the action of VIP in initiating primordial follicle development might be mediated in part through altering the expression of KL.
